Due to the production of abundant capsular polysaccharides and or exopolysaccharides, some bacteria form mucoid and opaque colonies on solid agar medium. Polysaccharides interfere with the isolation and characterization of DNA. Extraction of polysaccharide-free DNA from the mucoid bacteria is required for genetic and biochemical studies. In this study, mucoid Vibrio parahaemolyticus and Klebsiella pneumonia were used as model organisms for comparing the effectiveness of two DNA extraction methods. The two methods were proved reproducible and cost-effective for extracting highpurity genome DNA from mucoid bacteria for further applications.
INTRODUCTION
Aside from having lipopolysaccharide as the major component of the outer membrane, some Gram-negative bacteria produce two other kinds of polysaccharides, namely, exopolysaccharide and capsular polysaccharide. These three kinds of polysaccharides are synthesized and modified by the enzymes encoded by different gene clusters in the genome. Exopolysaccharide, often constitute a loose slime outside the cells, is secreted by bacterial cells into the surrounding environment and is the major component of the intercellular matrix (Chen et al., 2010; Flemming and Wingender, 2010; Vu et al., 2009) . Communities of bacterial cells encased in this matrix develop the biofilm that adheres to biotic or abiotic surfaces (Flemming and Wingender, 2010) . Vibrio parahaemolyticus is one of the most important pathogens responsible for food-borne gastroenteritis, and is delivered to humans mainly through the consumption of contaminated raw or undercooked seafood (Yeung and Boor, 2004) . V. parahaemolyticus expresses abundant exopolysaccharides and is able to form the biofilm *Corresponding author. E-mail: dongshengzhou1977@yahoo.com. essential for its environmental survival and transmission by providing access to nutrients and protection from predators and adverse natural environmental conditions (Enos-Berlage et al., 2005; McCarter, 1999; Yildiz and Visick, 2009) .
Capsular polysaccharide (K antigen) constitute a dense, amorphous coat (called capsule) surrounding the whole cell, as a barrier between the cell wall and the environment (Roberts, 1996) . Klebsiella pneumoniae is an opportunistic hospital-acquired pathogen that can cause urinary tract infections, pneumonia, septicemia, and community-acquired primary pyogenic liver abscess Wu et al., 2009) . Clinically, K. pneumoniae generally produces a large amount of capsule polysaccharide, making it a heavily encapsulated pathogen . Capsule polysaccharide synthesis is required for the virulence of K. pneumoniae (Cortes et al., 2002) ; encapsulated K. pneumoniae becomes invasive and causes septicemia and even liver abscess, due to its increased resistance to phagocytosis and complement-mediated killing (Cortes et al., 2002; Moranta et al., 2010) . Capsule polysaccharide synthesis is also required for biofilm formation in K. pneumoniae, and this pathogen lacks the ability to produce exopolysaccharides (Balestrino et al., 2008) . The formation of biofilm by K. pneumoniae on the host tissues inhibits the effectiveness of antibiotic treatment, protects against the host defense mechanisms, and facilitates the bacterial communication, leading to the expression of virulence determinants (Lavender et al., 2004) .
Polysaccharides interfere with the isolation and characterization of DNA because (i) they interact with DNA to form highly viscous solutions; (ii) the DNA samples contaminated with polysaccharide are often unsuitable for restriction, Southern hybridization, and long-term storage; and (iii) they can cause anomalous reassociation kinetics (Crowley et al., 2003a; Crowley et al., 2003b; Lee et al., 2003; Sharma et al., 2002) . Extraction of polysaccharide-free DNA from mucoid bacteria is required for genetic and biochemical studies.
In this study, mucoid V. parahaemolyticus and K. pneumoniae were used as model organisms, and two modified protocols for extraction of high-purity DNA were developed with removal of most of the contaminated polysaccharides in the DNA. These two methods should be suitable for genomic DNA isolation from other mucoid Gram-negative bacteria that produce high levels of polysaccharides.
MATERIALS AND METHODS

Bacterial strains
V. parahaemolyticus RIMD 2210633 is a pandemic strain isolated from a patient with traveler's diarrhea in Japan in 1996 (Chen et al., 2010; Nasu et al., 2000) . K. pneumoniae NTUH-K2044 was isolated from a patient with liver abscess and meningitis in Taiwan ). The genome sequences of these two strains have been determined (Makino et al., 2003; Wu et al., 2009) . RIMD 2210633 expresses both exopolysaccharide and capsular polysaccharide (Chen et al., 2010; Nasu et al., 2000) , whereas NTUH-K2044 is heavily encapsulated with capsular polysaccharide (K1 antigen) . Escherichia coli JM109 is a recombinant strain frequently used for laboratory studies.
Bacterial growth and DNA isolation
K. pneumoniae and E. coli were cultivated in Luria-Bertani (LB) broth at 37°C, whereas V. parahaemolyticus was cultivated in LB broth containing 2% NaCl at 37°C. Bacterial cells were pelleted by centrifugation and the wet weight of each cell pellet was determined. Genomic DNA was isolated using the three methods (I, II, and III; Figure 1 for the flowchart, and the supplementary data for the detailed protocols). Experiments were performed in triplicate.
Method I is the traditional phenol or chloroform extraction approach modified from a previous study (Lee et al., 2003) , and it was taken as a control in this study. Briefly, cells were pelleted from 200 ml of bacterial culture with an A600 value of 1.0 to 1.2, suspended in 10ml of SE buffer (0.15 M NaCl, 0.1 M EDTA, pH 8.0) containing 2% Sodium dodecyl sulfate (SDS), and incubated at 65°C for 30 to 60 min with intermittent shaking. One-half volume (5 ml) of each of chloroform and Tris-saturated phenol were added, and then thoroughly mixed, followed by separation via centrifugation at 10,000×g for 10 min. The supernatant (10 ml) was transferred into a new tube, and another extraction step with equal volume of chloroform was conducted. The nucleic acids in the aqueous phase were subjected to RNA digestion with 100 µg/ml RNase at 37°C for 30 min, and then the DNA was precipitated by adding two volumes (20 ml) of absolute ethanol, and the pellet collected on a glass rod was rinsed twice with 70% ethanol and dried. The dried DNA pellet was dissolved in 2 ml of TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0).
Method II is modified from Method I by introducing the methoxyethanol removal of polysaccharides. The Figure 2 . Mucoid phenotype of RIMD 2210633 and NTUH-K2044. Bacteria were grown on LB agar plate at 37°C. a) NTUH-K2044 (B) and RIMD 2210633 (C) formed mucoid and opaque colonies on the solid agar media, whereas JM109 (A) produced non-mucoid and transparent ones. b) When the colonies of NTUH-K2044 were touched with a loop and the loop vertically lifted from the surface of the agar plate, the mucoid colonies adhered to the loop as it was lifted from the plate. NTUH-K2044 was thus considered to have the hypermucoviscosity phenotype (Yu et al., 2007) , which was not observed in RIMD 2210633 and JM109.
ethanol-precipitated DNA pellet was dissolved in 5 ml of TE. Equal volume (5 ml) of 2.5 M potassium phosphate (pH 7.6) was added and vortexes. Equal volume (5 ml) of chilled methoxyethanol was added, vortexes, and centrifugated. The DNA in the clear supernatant (10 ml) was precipitated with equal volume of isopropanol, followed by washing twice with 70% ethanol. The dried DNA pellet was dissolved in 2 ml of TE. Method III is modified from Method I by introducing the ethyl ether removal of polysaccharides. One-third volume (about 3 ml) of 5 M NaCl was added into the aqueous phase after RNA digestion, to a final NaCl concentration of about 1.2 M. Equal volume (13 ml) of water-saturated ethyl ether was added, and then the phases were thoroughly mixed, followed by centrifugation at 10,000×g for 10 min. The aqueous phase was carefully transferred to a new tube. Further DNA precipitation, washing, and re-dissolving steps were as described in Method I.
DNA quality assessment
Using TE as the blank control, the optical absorbance values at wavelengths of 230, 260 and 280 nm (A230, A260, and A280, respectively), and the DNA concentration for each DNA sample were determined using a NanoDrop 1000 spectrophotometer (manufacturer and short address). The A260/A280 and A260/A230 ratios were calculated accordingly. Whole wavelength scanning of DNA samples were also conducted using NanoDrop 1000. The DNA samples were further analyzed by 0.7% agarose gel (Qbiogen, short address) electrophoresis with ethidium bromide staining, to determine DNA size and to assess RNA contamination.
RESULTS AND DISCUSSION
Design of DNA isolation
The DNA isolation method I is a typical phenol/chloroform extraction approach without specific polysaccharide removal procedures. Methods II and III were modified from Method I by introducing methoxyethanol and ethyl ether for removal of polysaccharides, respectively. These two polysaccharide removal approaches were originally established in plant or animal DNA isolation (Crowley et al., 2003a; Kirby, 1957) .
The above three DNA isolation methods were tested with three Gram-negative bacterial strains, V. parahaemolyticus RIMD 2210633, K. pneumonia NTUH-K2044, and E. coli JM109. RIMD 2210633 and NTUH-K2044 formed mucoid and opaque colonies on solid agar medium (Figure 2a ) due to the abundant production of capsular polysaccharides and or exopolysaccharides. Moreover, a string test (Pinsky et al., 2009; Yu et al., 2007) of the cultured colony (Figure 2b) showed that NTUH-K2044 had a hypermucoviscosity phenotype, that is; it grew into extremely sticky colonies when plated on agar with nutrient media. These results were consistent with previous observations for mucoid V. parahaemolyticus and K. pneumonia (Lam and Monteiro, 1984; McCarter, 1999; Pinsky et al., 2009; Yu et al., 2007) . In contrast, the non-mucoid JM109 formed transparent colonies, and were used as the control in this study.
DNA yield
The yields of DNA obtained using the three methods were different, and those from Method I were the highest (Table 1 ). The addition of polysaccharide removal procedures in DNA isolation significantly reduced the For each strain, each of the three replicated DNA samples obtained through the three DNA isolation methods was diluted with TE to a final DNA concentration of 100 ng/µl. The A230, A260, and A280 values, as well as the DNA concentration of each diluted DNA sample were then determined using NanoDrop. Data are shown as mean ± standard deviation. &, hypermucoviscous ξ, mg of DNA per g (wet weight) of cell pellets. yields of DNA (Table 1) .
No RNA contamination and DNA degradation
The gel electrophoresis assay (Figure 3 ) indicated that the bands of all the isolated DNA samples tested were sharp, and that no signs of RNA smears and degraded DNA were observed. These results confirmed that all the three methods gave reproducible yields of DNA without RNA contamination and DNA degradation for all three bacteria.
No protein contamination
The nitrogenous bases in DNA or RNA in the solution maximally absorb ultraviolet light at 260 nm, whereas the amino acids with aromatic rings in proteins absorb light with absorbance maxima at 280 nm. The DNA sample contaminated with proteins has an increased absorbance at A 280 , and A 260 /A 280 for the pure DNA fell between 1.8 and 2.0. In this study, the A 260 /A 280 ratios were calculated for each DNA sample to evaluate the three DNA isolation methods (Table 1 ). All three methods yielded A 260 /A 280 values between 1.8 and 2.0 for all the 3 bacteria, indicating the relevant DNA samples were free of protein contamination. In addition, the three replicated DNA samples isolated from each strain using each method were pooled and then subjected to whole wavelength scanning (Figure 4) . This analysis depicted a single peak of absorbance at 280 nm, as well as the A 260 /A 280 and A 260 /A 230 ratios for each pooled DNA sample, which further confirmed the above-disclosed efficiency of each DNA isolation method for each strain.
Removal of polysaccharide contamination
Concluding remarks
Method I work well on many non-mucoid Gram-negative bacteria including JM109 tested herein, but it does not work well on the two mucoid bacteria, V. parahaemolyticus and K. pneumoniae tested. This indicated that a specific polysaccharide removal design is essential for the extraction of high-purity genomic DNA from mucoid Gram-negative bacteria. Methods II and III were modified from Method I by introducing two different polysaccharide removal strategies, and both of them are proven reproducible and cost-effective for extraction of high-purity DNA from mucoid V. parahaemolyticus and
K. pneumoniae.
As previously reported (Lambert, 1982) , the pretreatment of K. pneumoniae cells with 50% (v/v) dimethylsulfoxide before cell lysis minimizes the contact of polysaccharide with the DNA. Thus, it was performed to isolate DNA with negligible contamination of polysaccharide. However, when this method was used on NTUH-K2044, the cells could not essentially be pelleted after the dimethylsulfoxide treatment. When it was applied to RIMD 2210633, the A 260 /A 230 ratios of DNA were less than 2.0, indicating its limited capacity to remove polysaccharides. Another method has been proposed to extract the genomic DNA of extracellular polysaccharide-producing Gram-negative bacteria (Chan and Goodwin, 1995) , which was proven in this study to work well on NTUH-K2044 and RIMD 2210633. However, this method involves treatment with the hazardous chemical ethidium bromide.
In conclusion, two reproducible methods (Methods II and III) were established for extracting high-purity genomic DNA from mucoid Gram-negative bacteria. These two methods could also be applied to mucoid Gram-positive bacteria if lysozyme (e.g., using lysostaphin specific for Staphylococcus) was used in the cell lysis step. The low cost of this method makes it attractive for large-scale extraction of DNAs from mucoid bacteria.
